Abstract. Understanding galaxy evolution will require knowledge of the properties of the low redshift galaxy population. Many nearby galaxies are di cult to detect in optical surveys because they are low in surface brightness. Furthermore, the gaseous extent of galaxies has not been well constrained due to the possible presence of ionized gas beyond where galaxy disks are seen to cut o in 21 cm maps. UV observations of Ly absorption along quasar lines of sight therefore allow for an especially powerful probe of gas in galaxies. I show that it is possible to simulate a population of galaxies at low redshift which is consistent with galaxy observations, explains low redshift Ly absorber counts, and is consistent with the baryon density as predicted by standard big bang nucleosynthesis. By comparing simulation results with observed galaxy luminosity functions, an upper limit can be found for the characteristic absorbing cross section of galaxies.
INTRODUCTION
Absorption lines have been observed shortward of Ly emission in quasar spectra using HST at low redshifts, and a large number of lines is seen compared to extrapolations of higher redshift observations 1]. The Ly absorption lines are found to be produced by neutral hydrogen with a wide range of column densities from 10 14 cm ?2 with HST ( 10 12 cm ?2 at higher redshifts) to > 10 21 cm ?2 . While a clear association has generally been found between galaxies and higher column density absorbers, the nature of the lower column density "forest" absorbers remains controversial.
Furthering understanding of galaxy evolution will require improved knowledge of the properties of the low redshift galaxy population, including the number density, size distribution, and gas content of galaxies. It will also be necessary to relate these properties to surface brightness and star formation behavior. Many nearby galaxies are di cult to detect in optical surveys because they are low in surface brightness, and it will be important to understand how such objects are related to galaxies at higher redshifts. The number density of nearby galaxies is uncertain due to the possible abundance of low surface brightness (LSB) galaxies. The primary goal of recent surveys for LSB galaxies has been to catalog a representative sample of nearby galaxies 2]. While most of these surveys have been biased toward blue LSB galaxies, the galaxies found have generally been rich in gas and therefore must produce at least some of the Ly absorption.
The gaseous extent of galaxies is very uncertain. Several studies involving 21 cm mapping of galaxy disks have found 'sharp edges', where the neutral hydrogen column density falls o quickly from a few times 10 19 cm ?2 to an undetectable level. Such 'edges' have been explained successfully by models where the ionization level increases rapidly from the optically thick to optically thin regime, thus making a sudden cuto in the total column density of the gas unnecessary 3{5]. The ionized outer disks may be quite extended, and the gas in these outer disks may be detected most easily as Ly absorption along quasar lines of sight.
UV observations of Ly absorption are therefore an especially powerful probe of gas in low redshift galaxies. Furthermore, Ly absorbers can be used to study galaxy evolution directly as they can be seen easily at higher redshifts (see also Charlton, this volume; Churchill, this volume).
METHOD
A population of disk galaxies was de ned based upon observed distributions. The distribution of central galaxy surface brightnesses was assumed to be at, with an exponential fallo at the high surface brightness end 6], where the LSB end was cut o at 25 B mag arcsec ?2 . Galaxy luminosities could then be determined given some distribution of disk scale lengths. For faint galaxies (M B > ?16), the scale length distribution was assumed to be a power law with a slope of - 2 7] , requiring the faint end slope of the luminosity function to be -1. 5 8] . The bright end of the luminosity function was made to obey a Schecter form. The Tully-Fisher relation was used in order to obtain a rotation velocity for each galaxy 9], which was required for modeling the dark matter halo. Low surface brightness galaxies are thought to be low in central column density 10], and a relationship was assumed where a factor of ve in surface brightness corresponds to a factor of two in column density. The galaxy disks were given total (neutral plus ionized) column density pro les which fell o as exponentials in the inner disks and as power laws farther outward. The switch from exponential to power law was assumed to occur at 0.8 times the radius at which the disk became highly ionized. The ratio of the disk scale length in 21 cm to that in B was chosen to be 1.7, as larger values produced excessively large absorption cross sections.
Samples of galaxies were simulated from the de ned population, and each galaxy disk was modeled using pressure and gravity con nement 11{13], and given random coordinates and orientation within a cube of space with a side length of 50 Mpc. Clustering and interactions were not included in the models. Random lines of sight were chosen, passing straight through the cube. When a line of sight intersected a galaxy disk, the neutral column density was found by integrating the neutral gas density along the line of sight. The value of H 0 = 100 km s ?1 Mpc ?1 was assumed.
RESULTS
The number density of galaxies can be estimated by supposing that all absorbers arise from lines of sight through galaxy disks. Ly absorbers have a number per unit redshift which is found from HST observations at low redshift to be 24:3 6:6, complete to an equivalent width of 0.24 A 14] . In order to explain this number of absorbers, a number density of 2.0 galaxies Mpc ?3 is required. The luminosity function for the simulated galaxies, which is normalized to produce absorber counts, is shown in Figure 1 . Observed luminosity functions for LSB ( B > 22) and high surface brightness brightness ( B < 22) galaxies are also shown, where the sum of the two can be considered a fairly complete luminosity function.
The total hydrogen content which is assumed to exist in these galaxies out to a neutral column density of 10 14:3 cm ?2 gives B = 0:017 which is comparable to 0:013 0:003 from standard big bang nucleosynthesis predictions 15]. If the model parameters are varied so that galaxies have larger absorption cross sections, then fewer galaxies are required to produce absorber counts as compared to the number of galaxies which are known to exist. Conversely, if the galaxies are assumed to have smaller absorption cross sections, then more galaxies are required, and the value of B becomes excessively large. Further simulations will be needed to test the possibility of signi cant nongalactic absorption at low redshifts, although galaxy cross sections would need to be small for such absorption to occur. More discussion of the variation of model parameters is given in a longer paper 11].
Absorption cross sections of galaxies increase with luminosity, as is shown in Figure 2 . Since the central column density is thought to vary rather weakly with surface brightness, LSB galaxies have larger cross sections at a given M B . Therefore, LSB galaxies may make a large contribution to Ly absorption. Assuming that most absorbers arise in galaxies and that most galaxies are potential absorbers, typical absorption cross sections of galaxies can be constrained. While many uncertainties exist in the model parameters, it is possible, as shown here, to produce a model for galaxies as Ly absorbers which is consistent with various observational results. fraction of absorbing galaxies absorbing galaxies/total absorbing galaxies absorbing LSB galaxies/total absorbing galaxies FIGURE 2. The plot on the left shows the absorption cross sections of galaxies (to 10 14:3 cm ?2 in neutral column density) which increase with galaxy luminosity. Variations in cross section occur at a given M B due to variations in surface brightness. The plot on the right show the fractions of absorbing (> 10 15 cm ?2 ) galaxies within 300 kpc of a quasar line of sight, binned in M B . While most absorption arises from lines of sight through luminous galaxies, due to their large cross sections, a modest fraction of absorption is also caused by low luminosity dwarfs since they are much more numerous. LSB ( B > 22) galaxies make a large contribution to the absorption, as they have large cross sections at a given M B .
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